Claims 



1. A manufacturing process of a// semiconductor 
integrated circuit device, comprising the steps of: 

(a) forming a first insulating^ f ilm including an 
organosiloxane as a main component|over the first main 
surface of a semiconductor integrated circuit substrate; 

(b) forming a patterned masking layer over said first 
insulating film; and 

(c) subjecting said first /(insulating film, with said 
masking layer thereover, to plasma etching treatment in a 

J 

gas atmosphere containing a ffLuorocarbon-gas-containing 
etching gas and a nitrogen J/as, thereby forming a first 
recess in said first insulavting film. 



2 . A manufacturing process of a semiconductor 
integrated circuit device^ according to claim 1, wherein the 
largest gas component in//said gas atmosphere is an argon 
gas . 

3. A manufacturing process of a semiconductor 

I 

integrated circuit devjice according to claim 2, wherein 

/ 

said gas atmosphere contains an oxygen gas. 

4 . A manufacturing process of a semiconductor 



integrated circuit device according to claim 2, wherein 

j 

said gas atmosphere' is substantially free of an oxygen gas. 

5. A manufacturing process of a semiconductor 
integrated circuit device, comprising the steps of: 
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(a) forming, over the first main surface of a 
semiconductor integrated circuit substrate, a first 
insulating film including a first organosiloxane as a main 
component; and 

(b) forming, over said first insulating film, a second 
insulating film including a second organosiloxane which has 
a smaller carbon content than said/first organosiloxane as 
a main component. 

6. A manufacturing process|of a semiconductor 
integrated circuit device according to claim 5, wherein 
said second insulating film is /thicker than said first 
insulating film. 

7. A manufacturing proofess of a semiconductor 
integrated circuit device according to claim 6, wherein 
said first insulating film has a carbon content greater 
than said second insulating film by at least 50%. 

8 . A manufacturing grocess of a semiconductor 
integrated circuit device/ according to claim 6, wherein 
said first insulating fil'm has a carbon content greater 
than said second insulating film by at least 100%. 

9. A manufacturing process of a semiconductor 
integrated circuit device, comprising the steps of: 

(a) forming, ove| the' first main surface of a 
semiconductor integrated circuit substrate, a first 
insulating film including an organosiloxane as a main 



185 



component ; 

(b) forming a patterned masking layer// over said first 
insulating film; 

(c) forming a first recess in said tfirst insulating 
film by subjecting said first insulating film, with said 
masking layer thereover, to plasma etctting treatment in a 
gas atmosphere containing a f luorocarlpon-gas-containing 
etching gas and an oxygen gas in an amount not permitting 
substantial formation of an abnormal shape. 

10. A manufacturing process jpf a semiconductor 
integrated circuit device according to claim 9, wherein a 
ratio of said oxygen gas to saidyyf luorocarbon gas is set at 
1.0 or less. 

11. A manufacturing process of a semiconductor 
integrated circuit device according to claim 9, wherein a 
ratio of said oxygen gas to ^aid fluorocarbon gas is set at 
0.9 or less . 

12. A manufacturing riarocess of a semiconductor 
integrated circuit device ^according to claim 9, wherein a 
ratio of said oxygen gas jpo said fluorocarbon gas is set at 
0.8 or less . 

13. A manufacturing process of a semiconductor 
integrated circuit device having an inlaid interconnect, 
comprising the steps ff>f : 

(a) forming, over the first main surface of a 
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semiconductor integrated circuit substrate, a first 
insulating film constituting said inlaid/interconnect; 

(b) forming, over said first insulating film, a second 
insulating film which constitutes saidMnlaid interconnect 
and includes an organosiloxane as a main component; and 

(c) forming a patterned masking^ layer over said second 
insulating film; 

(d) subjecting said second in&ulating film, with said 
masking layer thereover, to firsts plasma etching treatment 
in a first gas atmosphere, theretoy forming a first recess 
in said second insulating filmland 

(e) subjecting said secoM insulating film, with said 
first recess formed therein, tfo second plasma etching 
treatment in a second gas atmosphere with said first 



j 



insulating film as an etching stopper under the conditions 
wherein an etching selectivity to said second insulating 
film relative to said first/ insulating film is relatively 
large compared with that d£ said first plasma etching 
treatment, thereby exposimg said first insulating film. 

14. A manufacturing process of a semiconductor 
integrated circuit devicle according to claim 13, wherein 
upon completion of saicy/step (d) , the thickness of said 
second insulating film/fon the bottom surface of said recess 
is 30% or less of the //initial thickness of said second 
insulating film. 
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15. A manufacturing process of a semiconductor 
integrated circuit device according to oflaim 13, wherein 
upon completion of said step (d) , the thickness of said 
second insulating film on the bottom /surf ace of said recess 
is 20% or less compared of the initial thickness of said 
second insulating film. 

16. A manufacturing process /of a semiconductor 
integrated circuit device according to claim 13, wherein 
upon completion of said step (d)f, the thickness of said 
second insulating film on the pottom surface of said recess 
is 15% or less of the initial/thickness of said second 
insulating film. p 

17 . A manufacturing plocess of a semiconductor 
integrated circuit device According to claim 14, wherein 
said first insulating filrjf includes silicon nitride as a 
main component. 

18. A semiconductor integrated circuit device, 

// 

comprising the steps of|- 

(a) a first insulating film which is disposed over the 
first main surface of ja semiconductor integrated circuit 
chip and includes a fj/rst organosiloxane as a main 
component; and 

(b) a second insulating film which is disposed over 
said first insulating film and includes a second 
organosiloxane having a smaller carbon content than said 



188 



first organosiloxane as a main component, 

19. A semiconductor integrated circuit device 
according to claim 18, wherein said second insulating film 
is thicker than said first insulating film. 

20. A semiconductor integrated circuit device 
according to claim 19, wherein said first insulating film 
has a carbon content greater than s#id second insulating 
film by at least 50%. 

21. A semiconductor integrated circuit device 



according to claim 19, wherein sa'id first insulating film 
has a carbon content greater th^n said second insulating 
film by at least 100% 

22. A semiconductor integrated circuit device 
comprising : 

(a) a first silicon nitride film, which is disposed 
over the first main surface^ of a semiconductor integrated 
circuit chip, is made of a|silicon nitride or silicon 
oxynitride and has a first' opening; 

(b) a second insulaoing film which is disposed over 
said first silicon nitride film, includes a first 
organosiloxane having a Jsmaller dielectric constant than 
said first silicon nitride film as a main component, and 
has a second opening connected with said first opening; 

(c) a first intefflevel dielectric film which is 
disposed over said second insulating film, includes an 
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insulating film having a dielectric constant? smaller than 
said first silicon nitride film as a main ^component, has a 
third opening which is connected with sad/a second opening 
and constitutes, together with said first opening, a first 
through-hole, and a first interconnect#embedding trench 
connected with the third opening, and/is thicker than said 
second insulating film; 

(d) a first conductive barrier^ layer disposed to cover 
the bottom surface and inside surface of said first 
through-hole and the bottom surface and inside surface of 
said first interconnect-embeddinjg trench; and 

(e) a first interconnect ^egion embedded in said first 
through-hole and said first infcerconnect-embedding trench, 
each having said first conductive barrier layer disposed 
therein and including coppe j as a main component. 

23. A semiconductor integrated circuit device 



according to claim 22, wherein said second insulating film 
is thicker than said first/ silicon nitride film. 

24. A semiconductor/ integrated circuit device 
according to claim 23, wherein said first interlevel 
dielectric film include^ a second organosiloxane smaller in 
the number of carbon a/foms than said first organosiloxane 
as a main component. 

25. A manufacturing process of a semiconductor 
integrated circuit sevice having an inlaid interconnect, 
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comprising the steps of: 

(a) forming, over the fir&t main surface of a 
semiconductor integrated circuit substrate, a first 
insulating film constituting [said inlaid interconnect; 

(b) forming, over said /first insulating film, a second 
insulating film including an organosiloxane as a main 
component and is for the fq/cmation of said inlaid 
interconnect ; 

(c) forming a patterned masking layer over said second 
insulating film; and 

(d) subjecting saidjf/second insulating film, with said 
masking layer thereon, t/jb first plasma etching treatment in 
a first gas atmosphere Containing a f luorocarbon-gas- 
containing etching gas //and a nitrogen gas, thereby forming 
a first recess in said'/ second insulating film and exposing 
said first insulat ing//f ilm from said first recess. 

26. A manuf actu/ring process of a semiconductor 
integrated circuit device according to claim 25, wherein 
said first insulating film includes silicon nitride as a 
main component. 

27. A manufacturing process of a semiconductor 
integrated circuitZ/device according to claim 26, wherein 
said first gas atnjosphere contains an argon gas as the 
largest gas component. 

28. A manufacturing process of a semiconductor 
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integrated circuit device according to cla/m 27, wherein 
said first gas atmosphere contains an oxyg en gas. 

29. A manufacturing process of a semiconductor 
integrated circuit device according to^claim 27, wherein 
said first gas atmosphere is substantially free of an 
oxygen gas. 

30. A manufacturing process of a semiconductor 
integrated circuit device having an inlaid interconnect, 
comprising the steps of: 

(a) forming, over the first |main surface of a 
semiconductor integrated circuits substrate, a first 
insulating film which constitutes an interlevel dielectric 
film of said inlaid interconnect and includes a first 



organosiloxane as a main component; 

(b) forming, over said first insulating film, a second 
insulating film which forms //said inlaid interconnect, is 



thinner than said first insulating film and includes a 
second organosiloxane different in components from said 
first organosiloxane as a /main component; 

(c) forming a patterned masking layer over said second 
insulating film; and 

(d) subjecting said' second insulating film, with said 
masking layer formed th'ereover, to first plasma etching 
treatment in a first gas atmosphere containing a 
f luorocarbon-containirra etching gas by using said first 
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insulating film as an etching stopper, thereby forming a 
first recess in said second insulating film and exposing 
said first insulating film from said recess. 

31. A manufacturing process of a semiconductor 
integrated circuit device accordp_ng to claim 30, wherein 
said second insulating film is jchicker than said first 
insulating film. 

32. A manufacturing process of a semiconductor 
integrated circuit device acgording to claim 31, wherein 
said first insulating film has a carbon content greater 
than said second insulating^ f ilm by at least 50%. 

33. A manufacturing process of a semiconductor 
integrated circuit device ^according to claim 31, wherein 
said first insulating fij™ has a carbon content greater 
than said second insulat/ing film by at least 100%. 
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A manufacturing process of a semiconductor 



integrated circuit device according to claim 31, wherein an 

f 

etching selectivity tax said second insulating film relative 
to said first insulatfng film in said step (d) is at least 
4. 

35. A manufacturing process of a semiconductor 



II 

integrated circuit device according to claim 31, wherein an 
etching select ivityjf/ to said second insulating film relative 
to said first insulating film in said step (d) is at least 
5. 
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36. A manufacturing process of ajsemiconductor 
integrated circuit device having a dual-damascene type 
inlaid interconnect which is obtained by embedding a metal 
in a plug region for mutual connection between 
metallization layers and in an inlaid interconnect at the 
same time, comprising the steps of: 

(a) forming, over the first main surface of a 
semiconductor integrated circuity substrate, a first 
insulating film constituting said inlaid interconnect; 

(b) forming, over said first insulating film, a second 
insulating film which constitutes said inlaid interconnect 
and includes an organosiloxaje as a main component; 

(c) forming a patterned/ masking layer over said second 
insulating film; 

(d) subjecting said second insulating film, with said 



masking layer formed thereover, to first plasma etching 
treatment in a first gas //atmosphere, thereby forming a 
first recess in said second insulating film; and 

(e) subjecting sail second insulating film, with said 
first recess formed therein, to second plasma etching 
treatment in a second /gas atmosphere under the conditions 
wherein an etching selectivity to said second insulating 

I 

film relative to saiyp first insulating film is larger than 
that of said first plasma etching treatment, thereby 
exposing said first/ insulating film. 
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37. A manufacturing process of a/semiconductor 
integrated circuit device according no claim 36, wherein 
said first insulating film includes/silicon nitride as a 
main component. 

38. A manufacturing process|of a semiconductor 
integrated circuit device having ,0a dual-damascene type 
inlaid interconnect which is obtained by embedding a metal 
in a plug region for mutual connection between 
metallization layers and in aiy inlaid interconnect, 
comprising the steps of: 

(a) forming, over the j^Lrst main surface of a 
semiconductor integrated circuit substrate, a first 
insulating film for the formation of said inlaid 
interconnect ; 

(b) forming, over saFid first insulating film, a second 
insulating film, for thejj formation of said inlaid 
interconnect, which inc|udes an organosiloxane as a main 
component ; 

(c) forming a patterned ' masking layer over said second 
insulating film; and 

(d) subjecting s'aid second insulating film, with said 
masking layer formed// thereover , to first plasma etching 
treatment in a first/ gas atmosphere containing a 

i 

fluorocarbon-gas-corjtaining etching gas and a nitrogen gas 



by using said firstl 



insulating film as an etching stopper, 
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thereby forming a first recess in said /second insulating 
film and exposing said first insulating film from said 
recess . 

39. A manufacturing process djt a semiconductor 
integrated circuit device according to claim 38, wherein 
said first insulating film includes silicon nitride as a 
main component. 

40. A manufacturing process of a semiconductor 
integrated circuit device havjfng a dual-damascene type 
inlaid interconnect which istfobtained by simultaneously . 
embedding a conductor film for the formation of both of a 
plug region for mutual conrpction between metallization 
layers and an inlaid interconnect , comprising the steps of: 

(a) forming, over tbfk first main surface of a 
semiconductor integrated^ circuit substrate, a first 
insulating film which constitutes an interlevel dielectric 

film of said inlaid copfnect and includes a first 

/ 

organosiloxane a^ a main component; 

(b) forming, over said first insulating film, a second 
insulating film whicm constitutes said interconnect, is 
thinner than said first insulating film and includes a 
second organosiloxane different in components from said 
first organosiloxale as a main component; 

(c) forming Ji patterned masking layer over said second 
insulating film; //and 
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(d) subjecting said secopd insulating film, with said 
masking layer formed thereover, to first plasma etching 
treatment in a first gas atmosphere containing a 
f luorocarbon-gas-containindf/ etching gas by using said first 
insulating film as an etching stopper, thereby forming a 
first recess in said secon i insulating film and exposing 
said first insulating fi lml from said recess. 
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